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Permalloy 
By AJ<TJl UJ( E. T illE SI::.\ 

) EHMALLOY i~ " nnJUe giH'1I to the seri('s of alloys 
of ni(' lcl and iron luning n composition HI.rying 
(rom nhout :U) pt:r ('(' lit nickc\nnd 70 per ceul iron, 

t.l8.) p(.'r C('lll l1i('1;.1"1 Bnd ]5 p£.>r cent iron. They posses., 
uml~unl mngJl('lic propl'rlic<;. The position in the niclel ­
irol1 s('ric~ of Il gin·n alloy is u;,ually clcloignated b.v II 
IIUHh'rI\ \ which, prcccding the word permalloy. gi\'es the 
pl'fccntltgc of ni(-hl in the cOlHpo~itioll: thu~, 45 pcnn­
!l lIo." menu.; an /Ilia.\" COII-

tninillg 4[) 1)(>1' ('Cllt nickel and 
5., W'r ('(,Ill iron. 
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IMy v.ith the meclUl,lliellllreatmelit the nlloy hns receiH'(:t 
in preparalion, Small IIIllOlilib or ror('ign material such 
ns magll('~i\llll, copper, IIml silico n affect il greatly. Jl o'o\'­
("er. 12,000 or 15,000 permcabilit ... , is 1I0t al all c:tcCI)­
tional al this composition a.nd the addition or a small 
percentage of chromium, v. h:ch helps nearl." all of the perm­
alloys, together with proper heut tredmt'nt may raise 
the initial permea.bility to the astonishing figure ot 100, 
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000 or more, In the COIll­

men'inl prC'ptlrlltion ot perrn­
ul\u.\'. II frnctionll.l pC'rc(,lIt­
age of mangant!ie is ,ulded to 
!lid the mallellhilit ... · nnd duc­
tility of the alloy whieh. 
lIithout it, i.t; quite springy 
and bl"l ~~le. 

(·jgurc 1 .,how., how the in 
ihti pl'nll{"nhility of til\.' pl'I'IU -

1\110)' !icri\.'~ \'nri(·., \\ itll the 
("om position. 'I'll(\: c:drcllIc 
IcCt of 111\, CUI'W i~ Jlun' iron 
"I,jeh has III pCl"Ilu.·lIlJilily of 
nUou[ I). .\ ~ the nickel 
('ont('nt is increa~l'Cl, tht' p(' r ' 
Ilwabilit! dc·dillt's ~lightl.'" Ull­

til 30 per cellt nickel is 
reached. ",·hell Il Itlutrp in · 
cr(!ase in 1I0hod. Th ill increa,e 
reaches a ma'll:imum at about 
~5 per cenl nichl, 55 pN 

c{'nl iron III whidl composi­
tion the pl' rm('ahilit.v hns 
r{'lIclu~1 2.000, T lli ~ \ "hiP is 
IIIl1iutllilll'd ulilil the alloy lie­
com('/j aboul 70 p('r cellt 
nickel, where a st'cond sharp 
rise occurs which rClll'liCI! Il 

peak at about 80 per (X'llt 

lIic\.;:('\, 20 P(,I' C(,lIt iron. 'l'h(' 
1ll"l"IIwahilil.v nl tili ... poilll i~ 

1I0t lil'finitcly fi'll:t'Cl hut III ll,\' 

P(RctNT.a.c.( 01 N'Cl'o.[l 

I~r('~'r Ilf'llt h ""tmelll . ill 
IlI1tJorhnl ill gl'lting the belll 
magnetic properties. The 
usual method is lo perform 
nil of the neces~lI.ry mechan­
ical operations befol'c heat 
trcating 1i0 that it is sub­
jected to 110 undue mechani­
cal strain after annealing Il IK I 

before being pill into St'I'\'­
Ice, The hellt lrcallllC'nl. 
IIhidl is thc sUllie fol' nil pt'1'1li 
alloys, cOllsist~ of hCliling 
the ll.11oy in Il.Il !lir·lighl 
nickcl pot 10 ahout 1100 de­
Kn'es Ccn1igl'tl.de, holdi ng it 
III this tcmpcl'uturc tor 'HI 

hOIiI', und then nllowing it 10 
('001 \'('ry slowl.\' to room 
t,'lI1pcmtUl'e \\ith the fllrlllU'( ' 

H (.l·RP I, T H E: IN IT IAl P IoR}.It;A llII. rn· O F PI:.RMAI I nl 
"" A Fl"cnON OF T il l' I)IRC~NT"nl' 01' NICKFI 
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in "hidl it was ht"atcd. The pot is somdimcs sClll00 wilh 
If 011 filillg~, ",hieh (usc togethcl' before rCHching maximum 
tl:mpcnltllrl.'. at. the snllle time forming an iron oxide with 
the air Jc(t in the pot. This prevents the rCli idunl air 
(rom oxidizing the nlloy. 

If. arter the ftbon'lu~ll t Lrcn tmcnt. the alloy i.~ re-healed Lo 
GOO d{'gnocll Ccntigrnrll' .uKI nllo\\('(1 to cool rnpM-II)' . the 
pcrl1l('llhilily is found to in('reasc Lo IL "till g realer vnlue. 
DUl' II) ('I'rtllill limiting IIIcciulllical cOllsid efiltioll~. how-

RECEIVINC 

( 
EQOIPrt£Nr 

of their lrnn.,rorIllHs. hybrid coiJ~. loadillg l'oik I1IMI 
s{:ll'~iti\'e IOV.-CIlrJ'C'llt (('lays. The rca~oll~ for these \'" 
teOlI('11 uscs ill \oict'-frcqm'Il(') ('in'lIits Itrc R]I}lurcut Whl,,1 
il i~ cOIl"iden'ti thllt n good tlu'C d<"lbity i~ required for 
n fcw millillllJp(;rt., of ('urrent IIHlilllbII.' ill the ",indillg~. 

SuiJmarinc tdq~ra ph ('alll.~, \\ ht n ('ontilluou~I~' 10lldlOCI 
with permalloy Il"(' cllpa!>ll' of tl trnl1~Hli~~ion spero or 
:l.OOO or morc dmrn.dcr!\" I'l'" minull' Il~ ('Olilpllrl'(l \Iilh 
a IIItl'l:illlUIll spero of Ie:;,. thAn :1.,0 Idlers p.'r millut(' on 

• 

the old ,.tJle un­

loaded cnhles. The 
('ontiIHlOu.o; IOAlling 
of ~tlblllari!le ('llhlc~ 
11R~ ~o re\'olutioll­
iZ('(1 till' art of 
Iram·o('l·anic tdeg­
r ll phy thllt a f(,w 
\\()l1Is of explana­
tion 1lJ1t} he intl'r 

FIGL'Rfl 1. A OONTINUOW'''_ ' ·.LOAI)I'I) SUB.\tA IUNR CAm E SIIOWING I>IRECTION Of' Cl·RRF.'''' FlOW 

.\ ~lIhrnllrin(' (-'It 

ble l·OIl.~i~ts e~~('I1 -

tilllly of II ht·II.IY 
gllUgt', ~illgle cop-

eH~r, thi double \r(,llting is not; always feasible, 

I.. "'. McKedlll.ll found the pllCnOl1l('na of mngneto­
~tridi()11 to he c1osl'ly rclilted to the n'lllnrk!lblc tlHtgm'tic 
properti('s of the perIlUlllo)·s. III 18~2 Joule diS('Olcreti 
lI,at n sp('('imen of iron on lJ('ing magnetized actually in­
Cl"t:ased its phy"ical length along the axis of llHlgnctiza­
tion. Sul"'{'(luentl.,' it 1I/I"discoI'erC(1 that nickel cxhibited 
exactly the reverlle effect. These ('hanges ill phYllicld 
dimens;ion8 oC magnetic IIllilerillls when placed in a mag­
lIeli(' til-It! haH': bren ginn the !lam(' of magllctostridion. 

McKeehan, illl'esligiltillg these etT('Cli> in connection with 
permalloy, fOllnd that at ll.oo11t80 pcrmalloj' the llItigneto­
,.trie/ion bccam(' zero. The specimen expanded in Il mag­
Il{'tic field as its composition became more iron, and con­
tmckoJ ",Jwn the perc{'ntnge of nickel b<>came grealer than 
xU per CCIlt. Thus. tlS the alloy rcaches its point of 
maximum permeability its IIlngncto~tricti"e propcrti('s 
pas~ th.-ough zero. 

.A seri('S of cxpcriment!ll conduded at the Bell Telephone 
Lnboratories SC<:IlIS to hhow that, in gt"!neral, the more 
Il<'rmcllble an alloy becomes, the smaller is its hyst;cresis 
loss. The h}stercbis io.~s in 80 pcrnllllloy is incompllrabl.Y 
.smaller than in til{' best al'ailaule magnctic irOIl. For Il 

Icry good grade of NortAllY iroll, a lo~s of 1500 ergs pcr 
cubic cl'ntilllcter per cJele when mcnsuCl-t1 ata !lux dt;n~it.'" 
of ,1),000 lin('s is avcrage, wherens the h~·"ter(,liis 10,,8 in 
permalloy nt this liu'( density is olily 90, a ratio of 16 
to 1. 

B('('lIu.!je or thc:,C rClllarknblc Illngnetic properli('s, penll­
alloy hal> found lIlany USh in rndio nnd allil.'d communi­
cation fields. 

Thc teiepilollc compnni('s make lise of the ull oys ill many 

1H.'r conductor sur­
roull<h.d by n OI1('-qllartC'r-inch la.rer of gutlll PHl'iUl. 
l'itl'('] armor wirl'~' lind a lil)"l-r of saturnt('d hemp. till' 
wholl.' heing nlJout OIiC or one and om·ludr ineh" in 
diameter. TIl(' st·a wat('r prm·id.·s n rdurn pllih (ilr th( ' 
('uncnt, 

The capacity of lIw cOPIll'r ('ondudor to Ihl' S(;1l \\11 

t('r is \"Cry high, uypa~"illg Ihe Iligh frcqm'ucies, and Illill.. 
illg the cnblc, in efrcd, a low pa~s filter with II 10\\ ('lit 
olr frequency (sollie 15 or 20 cycles for thc lllllondl'ti cn 
bles). A thin laYI·r of pcrmailoy tape about on\..~t'ighlh 

of an inch wid(' is wound ~pil"llll.v around the copper ~n 
as to make n continuous ll,yer or permalloj' bctwcen the 
cubIc and the hell wllter. 1\s lIlay IJc SC4!Jl from Figllrl' :1. 
the signal curn'llt flux thcn linh a cort' or highl) Ix·rltl(.'­
able Hlilterial, I-Ihit"ll rai ,.(;S th.· illl,ludtllln' ur the !,nlh \0 
lillch a poillt tl18t the dTt'cl of the tn'llll"ndous capltcit} 
of the cable i~ cOllnteractt-d 10 n gn:at cxt{'lIt. 

Except fOI' the direct-current resil;tanct' or the caMe 
",hich i~, of COllr~C', fixed, the Jwrmalloj" loading may be 
said to decrcasl' the e[('di\l' iCIl~th of till: ('lI.hl (.' by r(ltiu(' ­
ing its cketri('lIi cllpacit..... The ('ut-ofT {n'<!uellc'y of II 

1500 mile 1(,llgth of hueh 14 iOlukci ('ubic nllt.' hc lI"ell 0'-('" 

150 cycles . 
The 45 Ikrmail,,)" i~ ~()lll(·timh u~lil for till' con's of 

inh'r~tnge audio trall .. furlllt· r~ h("("all~e of the high primM)" 
intiucinllce po,,_~ibl(; with Il ~lllall !Hunikr of tur/l~. Sim',' 
the inductau('l' of Ihc primar)' j, in flirccl proportion lo 
the permeability or the eOfl' (olher (!letors I"<'mainillg 
ti"\('(I) and since the pl'rlllcahility of ... .") p1:rlllliIl0j' is som;.' 
four times that of sili('on ~ h'(ol, the adnl.lllllg";'·" arc ap 
pnr('nt. llowl'\cr, care must iI(· tal..t:n iUlhing p(·rmal1f1.'~ 

(Condudl"fl 011 1war ~) 
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Power Transformers for the 
245- Type Tubes 

T i l E ('('11('1'111 Hudia COIllPIlIlY is llbout to place upon 
the IlHl.rht two Il('W po"-cr lmll~{ormcrs for usc with 

the rccenllY-IHInoullcl'tl :!45-lypc power ltillplificr lubes. 
Ou ... is dcsigul'(l to supply II single tube; the other, to 
supply two tuhcs. 

It will IJe remembcl'oo that lhe 2~5-lype tube hus an 
undislorh .. ,<1 power oulput rutin); behecn thal of the 171 -
type lind the 2JO-lype, With the maximum of 250 "olts 
Oil its p!ute, it is capable of delivering 1600 milliwatls, 
II hich is 1IIore thun twice 1I1at of the 1 il- and aoout one-­
third that of the 250 type tube. At 250 volts the plate 
('uneut is j:;! milliamperes when the recommcnded grid­
biasing \'oltagc or -50 is supplied. 

Either alternating or direct current may be lISed to 
hl'at the filtllllent, which rcquin's 1.5 amp<'res at 2.5 '''oils, 
Th is is the same \'oltllge as is ueeded for the 2:2i-type lube. 
"() t1mt it i~ entirely fea"ilJlc to run the filaments of both 
kinds from the sl\me tran~former winding. 

}'or the operation of a single 2 ~5t.ype tube, the new 
Tn'.: 5l5-A P OW{;l' Tran"former has been provided. When 
\I~cd with Il full-wl\\'e I'edifier of the iSO-type and loll' 
I'csi"tllne(' filtl'r choke coil~ :>lIch a~ lire contained in the 
Tn!:: 521-.\ Rectifier Filter\ it will supply the correct 
pillte Ii lid gl'id-bi!l~ing voltages fol' olle i.j.5 tubc. The 
I'{'rmi~~ihl(' ('url'ellt (\1'I\in is O"CI' 50 milliamperes, mor(' 
thlln liu flicicllt to 1>uppl~ Il '1'1.7- in uddition to the 2.J.5-type 
tube, 

In dl·.~igning Ihe filament 'lipply ~jlldings of thc Tn'E 
.').J.fj-A 1'0w('1' TI'I1I1Qforlllt'r thi~ ~II;; kept in mind, und the 
:!.5 "olt winding Ims il. cftl'l'ying cllpacily 1>llfliei('llt for one 
:H:i IIIHI O/ll' ~~i. In IIdditioli there is II 5 "olt \\inding 
fur the rectifier t.ube, 

" 'hell it. is ncces~a l'." tn operate tll"O 2~5-typc tubes, 
1\ T n'E {j.j.5-n Power 'l'ran,forlll('r must Le uu-d. This 
is wound in the sallle mH-nner a~ the Tn'.: 5 .. ~5-A Power 
Tran"rrll'll1l'r prl',iOII~tJ' d('~crihNI (''>;(''rpt tllfl.t thc high 
lolblge ~inding IHIS IIll'gcl' Clln('nt ('anying (·lIpllcity IlIld 
a illrgl'r I"oltllge to c0111pl.·nsate for the incr('a,,('(1 I'oltugc 
drop in the rectifier tube IUld in tilt.' filt('r. It will dcli\'(~r 

full rat('(1 \o\tage with a drain of 80 liIillilllilpercs, so Ihat 
it, too, cnn be ustXl to handle olle 227-t.'"pe tube in addi~ 
lion to lhe two :!H-typ(' tUbeli for which it is rate.:1. To 
pt:rform sati:.fllctorily. hOll'el·('r, the Tn'F. 5.j..')-B POlI'er 
'1' ran"forlll('r ll1U~t he u~l'd wilh a low-rhistIlIlC(, filter like 
the '\'1 1'1:: 5'1i-A H('etifier 1"ilt('r. 

If fol' I\n~' reason il i., desired to ll·~e a high r('~i~h.l1c(, 
filter th(' 'l'\J' 1<! :166 .Filter Choke', for in~bwcc--the 

T n' I": ;H·5-B Power Tramfoflll('r 11111." be u~ed to supply 
]lllllc pOllcr for Ii singlc :H5-typ(' tuue, si llc(' the add i­
I iOl1al ,"oltage drop in the high('r-rcsi~tancc chokcs is prac~ 

lThe TvI'!: 1i21·.'\ Rectifier Filter contains 111'0 ehoku, "ll('h Juwing 
II direct-i:urfenl u51stance of 175 ohm:;. 

~The 'ITPI': !l36 Filler Choke conlains Iwo Indep.t:nllt'nt 5eCIi.lns, ~arh 
JIIII"injl; II dlri"('t-('urrrnt rfSistail<:e of 3M) .. hms. 

tic!llly l'Cjllul to the increased ,'ollo.gc of the larger lmns­
former. Limitations in the ability of the full -wlwc recti­
fier tube, to withslnnd higher \'oltagcs, however, I!lakes it 
impo""ilJlc to further inCrC'llSe the trunsformer "oltage in 
order to compensate for high-resistance chokes when two 
lubes arc to bc used. The only solutioll of the problem 
i1> to u!>c chokes of lower rcsisllincc. 

T he following SUlIltll!lfy is presented (or reud), rcfcr-
('nce: 

T n'E 540-.1 Po ... ~er 'J' rt",.,/orl1lcr 
Supplles grid-biasing Bnd 1,Ia lo: \'ol"~u fur On" 2'l7-t)'"lJe 

a nd 001' :o!l-5-lypc. t"be using II 2fIO·IYI)f' f"II -"'II"e r.,ctifleT IIntl 
Iuw-ulibtance tilter chokes. 

Supplleli filament current for one 22j-lnJe and 0111: 2~-t~pe 
amJ.lifl .. r tube and one 280-I~I'" rectifler lubt:'. 
('ude Word: POSSE Pril-e $10.00 

']'1'1'1': ;j~"';-H Por;:cr Treml/Driller' 
Supplies grid-biaSing and plate vultages for one 2'li-I)'J)f' 

And tIJI.'O :!l.5-type tubt:'s using a ~-type full-II'al'e, r«tifler 
lind Jow-reslslance filter ehok~, 
Rel,18~ TrPll Ii~-A Power TranstOtllM'r when u~ing high­

rt'sislallce ehokefi. 
Supplies filament eurrenl for 0111' 2'!'i-lype alld 1"'0 2~-ty~ 

amplifier tnlx-!; nlul one 280-IYJ'" n'diflo:r lube. 
Code Word: PIlIOH Priee .,10.00 

Both of the I1C'" power trunsformers lIn.! schcdull'(l fOI' 
delin~ry by June] 5. 

Variable Air Condensers for 
Use with High Voltages 

EX I'EH I Ei\' CE exll.'n<iing ol'cr sel'eral ycars 11II.s shown 
that the 'j'YI'E 33.J. \ 'Il l'illble Air Cond(,llsers (double­

splletXl ) for high I'oltage usc hll"c bcen loo con~cr\,lIti\'cl." 
mtl'd, ' Vhell thc,Y w('l'e fir,;t produce.:l, it was I'ce()m­
lIIenci('(1 that the I'oltnge Ilcross them l>l' limit.,-,d 10 :WOO 
\'olis, uut conlinu('(1 tests under actual operating condi­
tions permits this rating to Le incrcl\stXI to 2500 ,'olh, 
root m~an squllr(', or 3500volls, pcak. 

FIGURB 3. TY ... ; 3)4 OOUIU.£.SI'ACED VARIABI.E CONDENERS 

T he T ~·l'''': 3;34 Condensers arc of the mclul -end-plllt('­
type. '1'h('y nrc of lhc low-los,> construction hl\ving sol­
dcred I'otor and sltltor platcs. Uutilnow they hllv(' been 
a\'llilaule only in maximum capacitances of 50 I\l1d l OO 1I1i­
cromicrofarads, but. on June 15 a 250 lIliCI'omicrofurl\d 
1>i7.e will occome al'ailable. Its ,·oltagc rating is the same 
Illi thal mentionNI abovc (or others of the SI\1I1e t.YPf'. 

Priul 
Tyl'T. 33< .... n. 2IiO n)lnr. 
T,,!'!: as 1-"1' 100 mm!. 
TI"PE :tU-v ;so mlnf. 

. 5..60 
2,75 
:!,r,(I 
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Permalloy of the bc"t COUl hiualiOIl that (;elwrnl Hadio buill the ('11-

(COllciIUll'1l [rom pU[Jl' 1) 

fOI" audio trlUlsforflwr corcs because they sa lurlt tc at 
much lower \'al ues of cUrn'lIt than sil icon st('('1. T here­
fore, they must be us(>(1 in )Illite circuits drawing only 
COm]lIHnti\·cI.v slllall currents unless speci lli precautions 
lire taken in the dcsign. Amplifier tl"t\!l~formel· cores 
Illude of permalloy also have the disadmntuge of being 
subject to damagc by Illcchanical shocks which came 
thrill to lose their pl'rmeauility. 

Acknowledgment for ce r tnin infornlntion eontllillld in 
the foregoing !Hticle is made to papNS IHl lJlished by H . 
I) , f\rnold Iklld G. w. Elman in '/'11(' Hdl SYltenl T echlli(';/l 
JOl/rnol and by L. W. ;'I l cJ\echlln in The JOllr1l4!- o[ Ihe 
F'm/lJ.·lin lilstill/ir. 

A Capacity Unbalance Bridge 
For Cable Testing 

S 0:'11 E time ago the rnginccl·s of a large o rgnllimt ion 
engllgt,<1 in thl" op<'mtion of long t(>legl'llph iind lel .. -

phone ('nhl ... " nl'ffled [I. b.·idge for mellslIl"ing the ca pac:t." 
unbalances lJelll(,(,11 the condudors in each group of foUl· 
""i res (or quad), Knowing that the Gen('mi Bllelio ('om­
plln." hilS for II1nny yCIlTS heen specializi ng in the d esign 
and tllallofadure of bridg(>s, pr(>eision nir ('ondel\"Cl'". 
Bnd other appamlus for the measurement of cllpllcily, 
they clllk·d upon this COl1lJlll ny to build II snilllLlc in~lru­

ment. T he folio " illg is II hl"ief d6criptioll of it wilh an 
rxpilLlllltioll of the problcllL illvoln'Cl. 

The importnnt limiting lador in the operation of long 
cables, espl'cinll.r when phuntom circuits arc used, is thc 
r.mount of cro~.!t-Ialk or inter-('i l·cuit intc l·ferCLlce that can 
be tolertlted . • ll recu~tiolls must be takell to Hlinimiz(' it 
hy hn.illnciug ,th,c cirruits.n~ ("Rrl'f,,"y !lS pn~~i hl l' with re­
-"peel to re~istallce, inlluel!Ulc(>, iellkllg('. lind cltpacily. 
In gencl"Ill, CIIJl"('ity unbnlllnc(>s callsc till" most trouble. 

When til(' cuhl(> is being mnllufllcturM, ellch group of 
four wires or 'lund (which pro\ides for two cha nnels 
opemted in the usu!ll way as well II,~ olle phRntom chan­
l1el) are continuousl}· lrllllllPOSlod lJy twisting together 
the two wire~ for euch physical 01· side circuit. Then the 
h 'o twisted pairs are twisted together, and the result is a 
cnbl(' unit in which the capncity of any wil"e to any other 
wire is suppost-rll}· the !mnlc. .Actually, howc\'e r, small 
ullhallln('('~ il\llIo~t nlways exist. 

Whcn two long CAbles arc to b(> joill{'(l tog-ethel·, the 
problem ("onfronting tile linenmn is to determinc how III 
~hal1 ('OIllWct the two qUllds togrther. T h(>rc are eight pos­
silJle \I a)'s of connecting the two pairs of II quud, sOllie will 
gil'e lL largl' amount of UllultlUllcc, others will give less. 
It i~. or {·Ollrse, lleCl'~;;!lr.v lhul he shaH (·hoose that COI11-
hililltioll which lUIS the i(·a~l, ant! it \\It~ ror thf' srif'ction 

p:II·;I.\' ulIh.'llJ1.IICC bridge. 
V i~III'C:j shows the j n~tl' ulHe ll l, (lllhe b/ll'k of which to'l! 

tiro sets of (ollr binding }loQts for IlHtking con nection,> 

to the lIlO <lund ... which lire to he joined. By means of 
the switehcs on the !lllllel, lhe li neman cnn ('Ol1ll('ct th(' 
two togdher in ('n:! r )' pOi!'Jiblc combi nation nnd mel15m'c 

till' cnpncity unlmlnllcc for cndl will, the bridge. 
}'or 1111)' comhillntioll ther(~ a rC'. of course. fnm' lenni­

lillI s, which (Onll the fOlll' I:OI'IICI' poinls of Ii bridge net­
work. T he four cnpnt'ity 1ll'IllS of the br:dgc IHe the ca· 
pacilics hclw('cn conductors ill the quad. Across one 
diagolllll of lhe bridge corrc~ponding to one pili I' of the 
quad is connected n smnll buzzer openlting nt about 'WO 
cycles, and across the other is connected the telephonc 
headset·-fol· illdic[l.ting billance. 

\Vh('"n--tIK'-eire~ capucffie<;-nre not balaneCfl, a means 
of measuring the degree of ullbnlallcc is pl"ovidc<1. This 
consis ts of [I. doubk~stalor vari[l.blc nir conclen<;er having 
the Sll\lo .· plates cOllru,'cl«1 to opposite bridge points and 

FIGURE 4. CAPAClTY UNBALANCE TESf SlIT 

the rotor COllllected to one of the remAining ones. By 
!ldj\l~ting the condenser, it is possible to increase the ca­
pacity of either side of the IJridge and redu ee that of the 
other until a balance is secured. The setting of the con­
denser then gi\'es directly (\ measure of the unbalance 
ca pucity. 

The com plete instrument is self-cant /li ned. II is light 
ill weight and is cquippc<1 with lin oak case and a. weathcr­
pl·oof canvas cove l". It is th(>rcfore, adapted for us(> by 
the lineman in the freld. 

Since the above dl'scrilx. ..... 1 instrumcnt WIIS buill, a new' 
model has heell prepllrt-d in which the unhalance is dder­
mined in oilly one quad at a time. T he unit is smnlle r, 
morc compact, and lighter than the larger olle. I n us ing 
this instrument the linclllan meaSlI.·es unbalance ill each 
of the quads which tHe to be joined. Then by knowing 
the lllA.gnitud(> and sign of th .... unbalance in each he can 
d l' tel'mine the I)('st method of milling the conned ion. 
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